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(54) Selective activity of metallocene-type catalyst for isotactic poly-alpha-olef in production 

(57) Provided is process for polymerizing isotactic 
poly-a-olefin comprising the steps of: 
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A. Providing suitable catalyst system comprising 
metallocene-type catalyst capable of producing iso- 
tactic poly a-olefin; cocatalyst or catalyst activator; 
and. optionally, catalyst system support; 

B. Activating suitable catalyst system by contacting 
with alky I aluminum such that the activated catalyst 
system is used for polymerization: 

1 ) within a minimum of about two hours through 
about 72 hours of its activation for producing 
polymers of melt flow greater than about eight 
dg/min; 

or 

2) within about six hours through about four- 
teen days of its activation for producing poly- 
mers of melt flow equal to or less than about 
eight dg/min; 

C. Polymerizing suitable monomer, using activated 
catalyst system, to obtain desired isotactic polyole- 
fin; and 

D. Separating desired isotactic polyolefin. 
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Description w , , yy ..... 

Field of the Invention . . . 3 . .,, . 

This invention relates to the use of metallocene moWcuies, in combination with appropriate cocatalyst, activator, 
agent for aging, or combinations thereof for.the production of differentiated tacticity polymers, notablypo!y-a-olefins, 
particularly polypropylene. 

Back^rou^id.pf the Invention v ' " , } V, lf( - / * \ 



It is known that various factors affect the catalytic ability pf .the, various met^llocepes, pocatalysts, activators, and 
combinations aviailable. We have found that the metalipcene/activ&tor combination, notably with supported catalyst sys- 
tems/for isospecific polymer prcxJutfidh benefits from unique pre-treatment jea<±ng to enhancement of catalyst a^ 4 
We have noted, particularly that th£ supported isospecific catalyst which is capable of producing high melt flow prod- 
15 ucts, products greater than about 1 0 dg/mjn, will provide higher polymer productivity when \\ is used very soon after acti- 
vation with alky) aluminum; the shorter the digestion time, the higher the catalyst productivity as. measured by polymer 
production. However, isospecific metallocenes which are capable of producing lower melt flow resins, those products 
less than about 10 dg/min, tend to retain their activity for longer periods after 5ctiyatipn..,yVe .hav<9 also fpund that the 
type of activator affects the activity of the catalyst as well as its aging requirements. . - > , , • ^ . u -i «: 

20 Catalyst productivity is of high interest to the producer of polymers. Simply put, the catalyst system is the most 

expensive raw material in the polymer production process^ ^dpubling the v p t rodgctivity.pf the catalyst effectively cuts. the 
cost of that most expensive component in half. This is an enticing carrot before any polymer producer. 

U.S. 5,393,851, issued to Ewen February 28, 1995, describes addjtipn of an oleaginous, solvent based solution of 
alumbxane, aluminum alkyl, or combinations of both to a previpuslyrmade, concentrated stock solution of rr^tal- 
25 locene/alumoxane catalyst solution to provide aluminum r^ce^sary to enhanc^.th^^Qatalytic. reaction and.tp optimize 
the aluminum to'metal ratio. - : ;! 

U.S. 5.258,475, issued to Kissin November 2. 1 993, describes addition of mixture of trimethylaluminum (TMA) and 
an prganotin to precursors of metallocenes. Such additipn accomplishes catalysfactiyation,, It is particularly noted that 
such activation may be useful for up to about 100 hours prior to catalyst introduction into the polymerization medium. 
30 U.S. 5,241 ,025. issued August 31 , 1 993 to Hlatky et al. describes a catalyst system which comprises a Group lll-A 

(Group 13) element comppund for improving the productivity of an olefin polymerization catalyst which is the reaction 
product of a Group IV-B (Group 4) transition metal and an ionic activator compound wjiich ( will irreversibly react with at 
least one ligand contained in the Group IV-B metal compound. 

U.S % 5,153J57, .issued October, 6, 1^92 .to tf i^tky et al., .describes the combination pf metallocene catalysts and 
35 ionic activators! This combination provided . : ( , „ :> ,? 

U.S. 5,145,819 issued September 8, 1992 to Winter et al. describes 2-substituted disindenylmetallocenes (sic), 
process for their preparation, and, their use as cataiystsjn the polymerization ( pf olefins. While this invention describes 
the use of 2-substituted bisindenyr metailoceries ! with methylalumoxane cocatalyst, together forming the catalyst sys- 
tem, for polymerization of olefins, no mention is made of activation of the catalyst system. No comment is m^cje relative 
40 to timing of polymerization after formation of the catalyst system. 

U.S. 4,933,403 issued June 12,, 19$0 tp Kamipsky ;i et al.. describ^a process for \t)e { preparation of .optically ^active 
polyolefins, particularly isotactic polypropylene. .Thisjnyentipn, is exerppjrfie^ by pqlymjsrizatipn with optically active eth- 
ylene-bfe-(4,5,6,7-tetrahydroindenyl)-zirconium dichloride (metalloceriej and trimethylalumoxane. , . ■ /t 

WO 9614151, as published 17 May 1996, describes a silica supported catalyst system for alpha-olefin polymeriza- 
45 tion of a zirconium metallocene, dibutylmagnesium. -Vbuta^ Use .of 

such . catalyst produces poly ethyle^ with a bi modal mo) ecular weight di strit^ution ■ , ^ ^ . , , , , - k . ( , , ; . j , . , - J . ' , 

WO 9613530, as published 9 May 1996. describes a catalyst system for olefin polymerization providing a, sup- 
ported mixed metal locene/non-metallocene catalyst. Such catalyst system provides broad molecular weight distribu- 

Summary of the Invention 

Our invention provides, at least, high activity supported metal locene/alumpxanejCatalyst system for production of 
isotactic poly-a-olefin, particularly isotactic polypropylene (iPP). Also provided is means of producing isotactic poly-a- 
55 olefin at high rates and means of using metallocene/alumoxane catalyst system .useful for, producing, isotactic poly-a- 
olefin during the systems period of highest activity. 
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Brief Description of the Drawings 

Figure 1 graphically displays isospecific catalyst system productivity plotted against aging or activation time. aV 
beginning with introduction of aluminum alkyl into the catalyst system 



Detailed Description' 



We provide embodiments of our invention in which metallocene\activator catalyst systems are trotted p yield 
improved catalyst productivity. We also provide embodiments of our invention for production of isotactic pblyolefin, * * 
io especially poly-a-olef in, particularly isotactic polypropylene (IPP), at notably high rates. 

Ah embodirrient provides use of catalyst systeftlfcrTpri^ catalysf c^afye of producing' isotac- 

tic polya-olef in; cbcatalyst or catalyst activator; and, optionally, catalyst sys'tem support; such s^em being activated ' 
by contact wrth : alkyi aluminum; 1 such that trVe^aivat^catafyst iypte^sUs^ : for ^lymerizati^h': . ,: " " 

A:"wSthin a minimum of about' two hoWs through about 7£ hburs bV'its activatiS'n tof producing polymers of melt f iow ' 
greater than about eight dg/mfn/ ' * f ° " : -" %t '*• ty '^ " ltl - ,: J - : ' ,! * 



Et/ within dbout six hours' through afc>olh fourteen bays of its activation fdPprbducihg polymers of mejt flow equal to" 
or less than about eight dg/min. ' ' ; "- i ' ,J - > **j * c - ;U . >- l- i- - *v 



Another embodiment provides prc^'ess 

? A. Pr'dvfdihig^suitabler fcatajysit system Comprising 'metallocenie-type catalyst capable of prodiibing isotactic poly ct- 
blefin; cocktalyst or Mal^^ ' ' r ' 1 " 

B. Activating suitable catafly^syskm by 'contdctin such thai the activated catalyst systemjs 
used for polymerization: 1 . . u * 

*■'»■• ■ -< t .M:. lt ! i. : -t i * * i'j. , : - / •. »» ■ ^'-j- ! . -w- v ' .. • ^* 1 

1 17 within a'mihimum of atfouttwd ho&rs througK^bbuf 72 hours of its activation for prbducing polymers of nielt 
■ ::: flbw"gremerthW-alxitf'eiiaW .? ^ J *^ . *: o ■ 

1 ^2) withinWbdut six htiiirs tH^DgWabout f6lirt^eiS , 6^ys ( 6f feadtivation for pfdducirtg polymers of melt flow ecjujai ' * 
foorlessthanabouf'eiahfd^mi^ , ; ::t ' ;r ' :i ^^- ! ' , - > ; 1 " v ■ : - : * ' ^ 

- G. : PolyrneVizing'suitable mbhom^r; usinjg a^Vaf^'datalyst sytaem^tb obtain desired' isotactic polyolefiri; and : iJ 
D. Separating ciesirecf isfcftMic ptftyoYeflri> !l ^ r *^;z ' -r> ' ''' >y> l > *<->>■ - > n\ 

A third 'em&bdirYtent prbviafe^ pfrbbesste^biymferiz 1 ^ the stfeps of: "* 

'•Al-Provicfing dataljrst system cbmp^s^ng! , - c " : f,f " " h ' /: - : - ;< " ' ; ''' r " iy lt - - :t ' ,; - - *' ! 1 ' * 

- : 1) dimethylsil^ bi^2-ma^ ■ ,f " ! 

2) dimethylsiiyr6 f is-2^fet^,'^hen^^^^^ sDppprted oh pkrt- " 

cles comprising silica; ^ t»:»o v^^^w.^i'O >l'^ ! / , -' : ' ,f ■ - ■ . ' - 

45 » B. Activatihg-c^tal^st s^t^ ' - ,rt " 

C. Isotactically polymerizing propylene 'mbr6mer r U^ng activated'^ according \6 "* 

1) a minimum of about two hours through about 72 hours of its activation for producing polymers of melt flovv' ' 
so greater than about eight dg/min; 

Of ' * ,: - **' ' ' 

2) within about six hours through about fourteen days of its activation for producing polymers of melt flow equal 
: ' ' ■ to orless than'about'a^ht dg/min; and A " "' 1 ^"' Tt ' t * * ' ■ • ' 

55 D. Colledting diesired isotactic : pdlyprdpyrene. i; r Jr ■■ ' ,f ' f " ~ :! ' • 

While various factors affect the suitable use of catalyst capable of producing isotactic poly a-olefin, or polymeriza- 
tion of poly a-olefin particularly polypropylene, to provide product in the desired melt flow ranges, we have found that 



teDOCID: < E P OB56S2SA 1 _l_> 



EP 0 856. 525 A1 

desired prcxJuct will optimally be produced through use of temperatures in the rang$ of about 50*0 through about 70°C, 
particularly in the range of about 55°C throughTabout 65°C, and especially at about ;62°C?and with hydrogen concen- 
tration in the range of about zero through about 0.1 mole%, particularly in (he' rang^ of up 'to about 0^05 mole%, and 
especially within the range of about zero through about 0.015 mole%. Such conditions of temperature and concentra- 
tion are particularly useful in liquid and bulk-phase polymerization systems but the principles of optimal use or produc- 
tion are transferable to other polymerization systems. 

Numerous metallocene-type catalysts are now well known in the art.' Some of them are exemplified by U.S. 
5.241,025; U.S. 5.153,157;-* U.S: 4;933.403; arid US' 5,145,81'g: Useful metallocenes, for this particular invention 
include those with a bridging group between the two'mohti or pbjyhuclear structures which' include at least a qycJoperW 
tadienyl ring 'bonded to the metal of the catalyst molecule. 'Such bridges usefully provide stereorigidity to, the metal: 
locerte mblecule by preventing free rotation bf'tne cyciopentadiSnyl ring-bearing stru&ure. these bridging groups .will', 
preferably also serve lot cbntrof the accessibility 'of the active polymerization site by opening or cldsing the angle 
between the'two cyclopentadienyl-ring-bearing structures or Uganda (Cp ligahds).The bridge may also usefully block 
or open the area around the bridge itself 'by presiding bulky or mihirnally-sized side groups pendant from the actual 
bridge; The bridges may 'usefully incfucfe between about one and about four atoms making up the actual' bridge struc-* 
ture between the Cp li^ands'. Such : bridges may include 'carbon atoms which 'may be contributed by aikyi or alkylene 
groups,*'as wellas silicon atoms which may be'tontributed by silylene, silyf, and other homologous groups such as those 
which are germanium- or even tin- containing. Various side groups may be included with the bridging ligand serving. to 
block; by bulky side groups, or open; by srnall side groups, the area near the actua'l bridgihg path. _ Useful such brjdging , 
groups include ethylene, silylene.sflyi, germyi; and germylerie. Particularly usef ul bridges are found 'in the, RR'^i group 
in which R and R' may be the same or different knd either 1 may be phenyl^ propyl, ethyl; methyl, or combinationsi thereof., 
In light of availability as well as excellerrt'funtfibning, the dimethyfsilyr 

In propagating IsotacticpSolyolef ins, it is useful to provide a substituent pendant from the 2- position of the cydopen-' 
tadienyl ring-containing ligand (Cp ligand).' 2 -alkyl substitutions on the cyclopehtadienyl rings usefully assist isotactic , 
propagation of the poly-a-olefins. Such substituent may be small, of bulky iand particularly may be straight! branched 
substituted aikyl groups, or their'corhbinatibhs. cyclbakyl groups,' or aryl groups including phenyl and tolyl. Particularly/ 
useful substituents at this position for the practice of this invention are t-butyl. isopropyl, ethyl, and methyl radicals. 
Based on experience and in light of availability, th^ ' 

Further useful specie's of substituted bis-indehyl metallocenes include those which^are.substituted at the 2- and. 4- 
positions. Substituents at the 2- position remain as previously described whjle those at the 4- position are bulky alkyl 
groups and aromatic radicals including phenyl, tolyl, other phenyl-deriy^ and their combi- 

nations. Based on experience jahd'availabilftyVpartidilariy useful results are available with the 2-methyl, *4,-phenyl inde- 
nyl metallocenes. ■ " '* Sn0< ' ,!,t .<.»:*. - ■ * •■ ^ ■ ■ -\ - 

Useful metals to serve as the central coordination point and provide the active polymerization site for the metai- 
iocene molecule are those in Groups 3. K ar^'5 of the Peri<^b Choice of the rnetai atom will . 
require consideration of the atom size, ft may be pbssibie/^ diameter metal atom will provide 
easier of more bperi access to the active polymerization site while a smal ler diameter roetal atom may be less active, it 
may provide a lower error rate in producing fedactfc poiym^ group 4, particularly zirconium, are 
notably useful in the practice of this invention. ' ' ' , 1 - ^ '1 . T ' 1 , ' , <[ 

Within the discussion 1 of our invention, the metaiiocene phWides,, generally the bichlorides will be discussed and * 
exemplified. It is to be understood that other ^ halogenatjed ni&al ibbenes as well as alkylated species are also perfectly 
functional in the practice of bur invention and they arfe cbn effectively equivalent to the chlorides. For exam- 

ple, metaiiocene dibfomide's arSd the alkylated Homolbgues suchj as dimethyl anddiethyi metallocenes wjll.find benefi- 
cial use in the £tecfcic6 of pur inverrtibh. ''^ ' ' J " ' J ' V ' / " ! , 

The cocatalysi or activator portion bf the catalyst system may be a bulky labile ionic activate^ which may be irre- 
versibly reacted with catalyst, alumoxane, or combinations thereof. Many of these activators are now well-known in the 
art and some are described in U.S. 5,241,025 and U.S. 5,153,1 57. or alumoxane. A particularly useful activator .or, 
cocatalyst for the practice of this invention is methylalumoxane but others including ethylalumoxane and isobutylaiu- 
moxane, their combination , ^ ... , 

F6K the practice' of this; (rwSnt^ supported. Generally such supported cat- 

alyst systems are prefeff ed sm'ce they are[r^e easily^ support v^il.bejrjert in the polymerization 

reaction, will have large' effective surface area,' and will hold the catalyst system, or at : (e^ast ^ne cpmppnent thereof.' }p 
its surface. Numerous such supports are now well-known in the art including zirconia, alumina, silica, titahia! maleic 
anhydride grafted polypropylene, starch, and other polymer such as p-hydroxypolystyrene, as well as their combina- 
tions. A notably useful support in the practice of this invention i§ : siljca. 

Alkyl aluminums, or. aluminum alkyte, provide catalyst systerp activation prior to use- of the system. Useful system 
activators include trimethylaluminurn (TMA)V triethylaluminum (TEA!) /diafky 1 aluminum halides incjudirig diethyl alumi- 
num chloride or bromide or dimethyl aluminum chloride 6r bromide.and others.; F^rticulariyjuseful in the practice of this 
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invention is tri-isolputyaluminum (TiB^) and Jri r n-pctyl Aluminum (TNOAI) for use with '(y^Si^-MVlndJgZrClg and- 
T1BAI, TNOAJ, ano\T£Al for^ , t ... ; f . . , r ' ~ i - ,.' . t( ." \ 

r . % . , , - • ■ I :'-;' '] - ■ : y t , **' - ;-•.»....■ »m. * -.*.%: " ' »t -J. f . i" *' J 

Examples;. >t . , . - : , fl , . , „ - .:• V • • ••, 

Metalloc.ene/actrvator or cocatalyst catalyst systems for tfiis ^qries of experiments were produced. and supported 
by providing 40 g silica which were tran^err^^ J round-bottom flash under dry nitrogen purge.. 

Some useful silica-based supporting, media *may be ^lectdd. from Pt t 1p,.p^J0, G-6, siiipa-titania and silica-alumina as 
available from Fuji-sylisia as wejl as H-121 and H-31 jjs availably frqrtyAs^hi Glass. Preferably the .support used will 
hav^ small and uniform particle sizes with high effective surfppe area a'nd-higfi pore volume. For examples .V-. 6, ,0-6,. 
was used'as .thy supporting medium, wftile P-1 6 siliqawas use!d_ a^ the* supporting medium, for examples 7 - ,1 1 Some - 
resultb have be^n sfeen in pur experirr^nta^^^ the^atio~pjcoTj^.Ly^activator to.silica affects : finai cat-., 

alytlc ^artivity/Our ^ work ;dem6hstrat^ . mat the trends regard^ are similar with catalysts of this, 

type andVaryin^support 'miedia. The greatest iM&sibje catalytic activity, hpweyerr^nay, not ,ne t c|sssarily be attained in the - 
absence "of determination of trje best co;cata^y^upjpbrt ratio., jn* thieve cases; this will be Jthe M AO/silica-based support 
ratio'whose optimum may or may not i^have been fully determined for eaprxpf the Support, media used in our experimen-. 
tal evaluations. '' * ! ' 7 ' ' ' . ' . ' ' ' ' * ' * ' 

The flask was. ^uipj^ a gas inlet^dapter. ^125 ml pressure-equalized addi- 

tion fohneljcapped with a ru^kr septum, i ar$YKe)ast neck. was, capped w^th a/i^b^r s^urn.JT^e silica-based support 
was slurried in 25u mj : ^ (M£Q) solution in toluene at- 

room temperature,*^ releases methane as 

a by-pr6durt. Tlie r&ac$on\mM^re was then stirred at reflux for four h^rc^r^Br dry argon" After four hours. the reflux, 
and stirring was stopped^ahb I the contents of the flask were iljpwed to settle while, cooling* to r room. temperature. The 
supernatant was rempy^ taujr times ^th i 00, ml ali^up^ of toluene at room .temperature., 

The resulting solid was driefcfat 7G°C under vacuum for three hour^ The MAOteuprort was recovered as an. off-white- 
free-flowing solid. I *■ t - - , - v " ... i - . - 

About'50'ml dry toluene was ^dfdeb to 5:6 g ^^e^^^^i^^fn a^50p mi sing)e-n^ 
flask and the mixture was ^tirrj^ alrobm ter^p dimethylsiiylbis r 2- 
methyliricienyl zirOTnium'di^i^d^ recognized as ^Bei'ng^useful for prod^ (IPP) with, reason- 

able mblefexllar weights,' s6rid' ; ^s : sfur ^M^'&^vi MAO/siMcajtojuerie slurry at room temperature. . 

The mixture was 'stirte^aVriorM a^n^jH.e V^^^mi^ure was left to settle,at room 

temperature' for fifteen minutes' at whicri time the Supeffia&nt'm dried at room temperature/ 

under vacuum for one hour. . * . ,-..{.-!*,--,•. 

A master batfch slurry 6f 1B0 rhg of the v £upp^^^ triisQbutyla7u F> . 
minu'm (TiB^j lri hexanes was^repareS at?(&fy(^ b^tch w^s th'^n aged, at r<K»m' ; 

ternp'erature ^^'^ngj^<^s&^rne prior id eacK pojy^n^zayorl. A^.O nij^ slurry' was used for., 

eachr^lymferizatioK pf is^ 2.0 liter laboratory^ 

scale autbdave (i:ipperciave) liquid-pfrasW sfaihless-sVeer^ and 'had been thpr- , 

oughly purged with dry nitrogen. The autoclave was then charged witft .1.4 liters of jiqu'id propyJene and 16 mmqles of- 
gasebbs h^drc^eh. A 36 rh^rxirtion 77 ^^f^ALw^e mi?cjd Sn'r pil niinera! oil and piaqedjn a stain 7r; 

less steel ibo ^rn! I bortib. The minSfat oil slurry w^sr^ room temper: 

ature for ar^roximatel^ f f ive secbhffs to^lpw spr^^^ to' charging intp the reactor. The mixture was ( 

then heatecl to eCr^C/stirred'at ^pprbxlfrtlately '1666 rpm, ^ and'rnairi^mecl tor 60 minutes. v At the .encl of t}]is.time polym^ 
erization was terminated by rapidly venting the reactor of unreacted monomer. The resulting polymer was then seoa-. 
rated fdlloWed^ tfen^aried'at^C. ' !l ^ ^ :; -* if u *" ' ' " :U : f " ^ K ' ' ' \ 

Examples 1 - i 



For this series of polymerizationsftne niafst^f bafeh was^ged for twefye ! minutes, and one-half hours^ six hours, * 
fifteen and one-half hops, twenty-six hours; and 'fbr^-^iqhfhours, ' resjjectryely] prior 'to each polymerization run. . , 

A^ing tirhlebegiris Upon rhtroduction 6f TiBAI in mineral ol\ irrto the syupported, catalyst system slurry. The resuits]of . 
this series are p'reisehtSi m Table 1 beidw. * r ' | -i i : * * . * ■:•••»••. 



Table 1 



Example # * ' . "** ' . 


f- 1 *\\ 


■ ■ ? • 


3 . 






6 


. ^Catalyst System 'Aging^hcs) . 


: '0.2.' 


2.5 v 1 


-'6.0 


•'•1S:5 !I 


; ! 26.0 V - 


* -48:0 V ^ 
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Table 1 (continued) 



Example # 


1 


2 


3 


4 


5 


6 




Productivity (g/g/hr) < 


6570 3 


6570 


4640 ' 


'4610 


•2890 


1 2180' 





in this series of experiments it is dear that the time lag between activation' 6l the catalyst system 1 with the atkyi alu- 
minum and use of the catalyst system is critical to gaining advantage of the catalyst productivity for the isospecific cat- 
alyst In the case of this isospecific catalyst system; that time period shbuld be as short as possible, but clearly there is 
not remarkable deterioration in activity before the expiration of two hours. Also; it may be noted that reasonable, com- 

ro mercially acceptable activity levels remain until about six hours post-activation. We have noted a similar criticality of the 
post-activatiorij ordigestiori, time- yet with the dppositei effect for the synbibsfrecific^talyst systems. With syndiospe- 
crfic systems, an apparent need for longer digestion, or aging, is necessary to gain benefit in productivity of the catalyst 
system. This effect is described in copending application, USSN 08/503763, as filed 18 July 1995.^ * 

The effect of the choice of agent for activation or digestion was tested by using the same master batch, supported 

15 on P-10, and activating with TiBAI, TEAL, and TNOAL Data obtained in this study are presented below in Table 2. 

i'-u : -' :/ ■ .' ■: ' {i • ■ * r- • ' : ** " ■ • * ' • - 

;. -w^v.,. «... . : .. .''•■!■•. '•-'Table 2 .p...-.'. ,r 



Example # 


7 


8 


9 


10 


11 


■> Catalyst System Aging (days) - » 


. ■ *o- * . 


< ■■ • 1 




' 4 ' 


; 6 


Productivity TiBAI aging (g/g/hr) 


8,100 


13,500 


13,500 


8,900 ' 


6,250 


. Productivity TEAI aging (g/g/hr) 


8,000 


:\ 2,200 








Productivity TNOAI aging (g/g/hr) 


8,050 


8,196' 


7,500 







Rom these data, it is apparent that TiBAI is a useful agent for activation for the isospecific catalysts and it functions 
well during the period in which its aged catalyst is functional, but it creates a situation in which the activity peaks.quickty 

30 and drops off rapidly in a dramatic fashion. In contrast, TEAI attains a fair activity level quickly but drops off precipitously 
extremely rapidly. A more stable aged or digested catalyst system may be obtained using TNpAJ as the agent for diges- 
tion. It is apparent that it reaches a fair activity level quickly and maintains it well for an extended period. While the 
TNOAI activated catalyst system will not be as active as those activated with TiBAI. they will not be as dramatically time- 
sensitive. \ % " " : *■■■'"■■ *" ■ :< ~\ y ■ ■ ■' l ^ - ^ ; ^ 

35 A set of experiments! parallel to Examples' 1 - 6, were run using the isospecific catalyst dimethylsilyl bis-2-methyl, 
4-phenylindenyl zirconium dichloride, known for producing high molecule weight isotactic poly-a-olefin. The master 
batch was prepared in a fashion similar to that described jn. the catalyst preparation section prior tp the previous exam- 
ples. For this master batch, the Me 2 Si(2-Me- ^Ph : Ind) 2 2rCI 2 metjallpcen^ on P-10 f rom Fuji-syjisia. The 
agent'fbr activation oragincj'was, agairi;TiBAI. Results of the aging study are presented below in Table 3. 

40 ' " 

v . - ':> K-y.u- table 3 : - ; »■ : '■*'»' " ^ M ' ' 



Example # 


12 


13 


14 


15 


16 


Catalyst System Aging (days) 
Productivity (g/g/hr) 


1 1 ,050 


15,800 1 


15,500 ' 


16,950 


17,150 " 



From these data it is apparent that, in contrast to the aging or activation of the lower molecular weight-pr,qducing cata- 
so lyst system, the high molecular weight-producing system will reach a reasonable activity level and' maintain that high 
level over time with JiBAI as the agent for digestion or ripening. Agajn, .TiBAI is demonstrated as a good, agent for acti- 
vatibri over the time in which jt is functional with the isospecific catalyst systems; it does however, hayea better retention 
of activity l^vel over time with the high MVV-producing systems, those employing 2- ' and 4- subs jituted ind^nyl ligands. 
these example's aie* provided for assistance in understanding tnis inventjpn and the. way. in ^ which it works. TlYey are 
55 not intended, in any fashion, to limit tfie invention but* are; dimply illustrative. Those skilled in the art wilfrecognize. from 
these representative examples and the entirety of this description, modifications which have not been specif icaily men- 
tioned but which are intended to be included within this invention as claimed below. . „ ^ ... t . „ . ., f 
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Claims . „ 

r i - i 

t • * * *■ • 

i m ; , _ . t . 

1 . Use of catalyst system comprising mefillocene-type, catalyst capable of producing isotactic. poly a-plefin; cocata- 
lyst or catalyst activator; and, optibnaliy.-c&talyst system support; such system being activated by cohtact with alkyl 

5 .aluminum; such that the activated catalyst system is used fop polymerization:, . - . , - M 

A. withjn a minimum of about two hours through about 72 hours of .its activation for producing polymers of melt 
flow greater than about' eight dg/min; .. t . . v , , rr « , * . Jt ,. t .. - % 

or , " •- .V. ~.." t ' . /. I ' :u. - y. • ' 

10 B. within about six hours through about fourteen days of its. activation t for producing polymers of melt flow equal * 
to or less v than.about eight dg/min. l( t v - .., , . • t . t . /( , 

2. ^ Process for, pQlyrn^ ; ! . . , 

'5 A. Providing suitable catalyst system comprising metallocene-type catalyst capable of producing isotactic poly 

u-olefin; cocatalyst or catalyst activator; and, optionally, catalyst system support; 

B. Activating suitable catalyst system by contacting with alkyl aluminum such that the activated catalyst system 
is used for polymerization:- 

20 . 1 ) within a minimum of about two hours through about 72 hours of Jts activation for producing polymers of 

melt flow greater than about eight dg/min; J . 

or ' . * ' ' * 

2) within about six hours through about fourteen days of its activation for producing polymers of melt flow 
equal to or less than abcrut eight dg/min; 



25 



30 



40 



45 



SO 



55 



f 



C. Polymerizing suitable monomer, using activated catalyst system, to obtain desired isotactic polyolefin; and 

D. Separating desired isotactic polyolefin. „ , . , 

j.-'-. ' i * ■ • , * ' i • * - , ! - . 

Process for polymerizing 

Providing \. v \,\ .. V ■ [ \ •,!< . . 

' ' 1) dimethyisnVrbis-2-methyiindenyl zircohiUm dichibride and methylalumoxane, or / j, , ' 

( 2) dimethylsilyi bis*2-methyl, 4-jjheny]jndenyl zirconiu.m.dichloride and rn^ylajMmoxane. supported on 



35 ' particles' Comprising' silica^ 



J* B/ Acti*yating' catalyst system by'conta^hg^ , . . ..... /; v . 

'C. Isotactically polymerizih^ propylene monomer using activated. catalyst system' within, respectively according . 

tOStepA.: t '- **J -of";^, r : 

1) a minimum of about two hours through about 72. hours of its activation for producing polymers of melt 
flow greater than about eight dg/rnin;^ , . - . - , 

or ' ; •< j ^ ; ' ; "; : 

2) withiin about six hours tfu*6ugh about. fourteeo days of its actiyatiop for producing polymers of melt flow 
equal to or less than about [eight dg/nSin; and * \ , • 

D. Collecting desired isotactic polypropylene. 

4. Ose'of'catalyst 'system according to claim 1 wherein: 1 ' b * " " v * 1 ' ' ' ' r * ' /f ' 1 

j';,.,' .»■* '■.*.;-•■*.■• o':.. !' ■ t--.- 1 ?if" * --v.* ••*/•••;»* "»''«:."■ i. m... •* «• »s*. .. .... * 

I( A. ! itietaljoc^ne-type ^catalyst has briclgihg group between i cyclopentadienyl ( ring^>earing ligands; ^ubstituent.. 
1 grpupjpehdaurifto the carbon at,t(ie 2 : position of both cyclbpe^tadi^'yicingiearing li substtituejit group 

" pendant to the ddrbbri afthe 4- position of both cyclopehtadienyj ring-bearing ligands, or corrtbinations.theieof ; 
**' arid ^ Group^metaf ato'm b'phded to to ' : ' 

M,J ~l3:'b&"^catarydt is jar'eseAf aricl'ls alunrioATsirie. ' : 1 ' " f * " ' 



5. Use of catalyst system according to claim 4, wherein 



umnnnin- <fp nfwuwiAi i > 
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A. bridging group comprises silicon; and 2- position substituent has between one and about five carbon atoms, 
4- position substituent is aromatic and has between about five and about ten carbon atoms, or combinations 
thereof; , , . • 

B. alumcianeMs 1 'selected from trimelhylalu 

s C. use temperature is within the range of about 50°C through about 70°C and hydrogen concentration is within, 

' the range of about zeW through 'at«lit 0.1 mble%. , " , \\' u 

Use of catalyst system according to claim 5, wherein: ,.'. ,«. 

A. bridging group is dimethyl silyf;'2- position substituent is methyl, 4- position substituent is' phenyl, or combi- 
nations thereof ; and Group 4 metal is zirconium; 
!; B. alumoxane is ^trimethylalumoxanef ahd ' ' / , , , .1^ 

C. catalyst system support is present. " /J 1 ' 

Use of catalyst system according tb'claim'e, vyherein i use for polymerization occurs within about two hours of acti- 
vation for methyl only substituted species of within about 6 to about 12 hours for species with phenyl substitution at 
the 4- position. 

Use of catalyst system according to claim 7, wherein catalysf system activation is accomplished with triisobutylalu- 

minum. , 

..*,,, ' i .<i > ..■■*.•*■■/ .:,. . . , ..; - . : : f,«.- ' . r s . 

Process of claim 2 wherein metal locene-type catalyst has bridging group between cyclopentadienyl ring-bearing 
ligands; substituent group pendant to the carbon at the 2- position of both cyclopentadienyl ring-bearing. ligands, 
substituent group pendant to the 4- position of both cyclopentadienyl ring-bearing ligands, or .combinations thereof ; 
and Group 4 metal atom bonded to both cyclopentadienyl ring-bearing ligands, co-catalyst is present and is alu- 
moxane. and reaction temperature is within the range of about 50°C through about 70°C and hydrogen concentra- 
tion is within the range of about zero through about 0.1 mole%. 

1 0. Process of claim 9 wherein: 

30 

A. bridging group comprises silicon, and 2- position substituent has between one and about five carbon atoms, 
4- position substituent is aromatic and has between about five and about ten carbon atoms; and 

B. alumoxane is selected from trimethylalumoxane, triethylalumoxane, or combinations thereof. 

35 11. Process of claim 10 wherein: 

A. catalyst system support is present; 

B. alkyl aluminum used for activation is selected from trimethyl aluminum, triethyl aluminum, dimethyl alumi- 
num halide, diethyl aluminum halide, triisobutyl aluminum, diisobutyl aluminum halide, or combinations thereof 

40 ; and 

C. polymerization method is selected from gas phase, liquid phase, bulk phase, or high pressure polymeriza- 
tion. 

12. Process of claim 1 1 wherein bridging group comprises silicon; and 2- position substituent has between one and 
45 about five carbon atoms, 4-position substituent if present has about six carbons providing its aromatic structure, or 

combinations thereof. 

13. Process of claim 12 wherein: 

so A. Bridging group is dimethyl silyl, 2-position substituent is methyl, 4- position substituent is phenyl, Group 4 

metal is zirconium, and alumoxane is trimethylalumoxane; and 

B. Catalyst system activation is accomplished with triisobutylaluminum. 

C. Polymerization occurs within about two hours of catalyst system activation for 2-substituted catalysts or 
within about six to about fourteen hours with 2-, 4- substituted catalyst. 

55 

14. Process of claim 13 wherein suitable monomer is propylene, and desired polymer is isotactic polypropylene. 

15. Process of claim 3 wherein polymerization method is selected from: gas phase, liquid phase, bulk phase, or high 
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pressure polymerization*.' * ' * r i 

• - t, . .: .el, ■ ji.- ^ i . -i * . . • - • • ; .t !*■ ;~ ... ■• » 

16. Process of claim 15 wherein polymerization occurs wjthip about twq hours of catalyst system activation. ^ 

5 1 7. Process of claim'b wherein polymerization terrperature is within the range.pf about 50°C through about 7f)?C and 
hydrogen concentration is within the range of about zero through about 6. 1 mole%. 

18. Use of catalyst system according to claim 7 wherein use temperature is in the range of about 55° C through about 
65°C. and hydrogen concentration is in the range of about zero through about 0.05 mo!e%. 

19. Use of catalyst system according to claim 18 wherein use temperature i$>bqut 62°C. .and hydrogen concentration 
is in the range of about zero through about 0.015 mole%. ' \'. 7 

20. Process of claim 12 wherein i^lymerization temperature is within the range, of about 50°C through. abquj 70°C and 
is hydrogen concerilfatibn'is wltrlfo ^ '"' \ 

21 . Process of claim 20 wherein polymerization temperature is within the range of about 55°C through about 65°C and 
hydrogen concentration is within the range of about zero pirough abou^t 0.05 mple^. ^ . : 

20 22. Process of claim 21 wherein polymerization temperature is about 62°C and hydrogen concentration is within the 

range of about zero through about 0.01 5 mole%. 

' :>^ji' f . iO'y* r.y 'i.u' iu*-" »;.; l f\J r-. ' *-. -> t-^ i:- M i »f - i - » . ■ . • 

23. Proce^'of'blaim *lfc' wherein pplymeri'z^ is iBput.62 6 C and 'hydrogen concentration is. within the 

'range of abort ze%^^ u 
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